The title compound, C 11 H 7 NS 2 , was prepared in high yield (87%) using a solvent-free microwave-assisted synthesis. The structure shows whole-molecule disorder with occupancies for two orientations (A and B) of 0.4884 (10) and 0.5116 (10), respectively. The thiophene and benzothiazole rings are almost planar and make dihedral angles of 10.02 (18) and 12.54 (19) for orientations A and B, respectively. Slipped -stacking between the aromatic rings, together with C-HÁ Á Á, C-HÁ Á ÁS and C-HÁ Á ÁN interactions, result in a herringbone motif in the crystal packing.
Chemical context
Thiophene-containing heterocycles have many applications in pharmacology, such as anti-inflammatory and analgesic agents (Issa et al., 2009) , electrochromic and electronic devices (Elbing et al., 2008) , and polyelectrolytes-based water-soluble sensing agents for the detection of DNA, proteins and small bioanalytes (Ho et al., 2008; Feng et al., 2008) . Benzothiazolebased compounds have attracted much attention in recent times due to their wide-ranging biological activities, such as anticancer, antifungal and antibacterial activities (Aiello et al., 2008; Cho et al., 2008) . In addition, some other 2-aminobenzothiazole derivatives showed antibacterial, anti-inflammatory and analgesic properties (Bhoi et al., 2014) . A novel poly 3-(benzothiazol-2-yl)thiophene-based conductive polymer has been synthesized by chemical and electrochemical polymerization . These polymers were studied for their photoabsorption and photoluminescence characteristics and were investigated in polymeric light-emitting diodes. Some synthetic methods developed for preparing 3-(benzothiazol-2-yl)thiophene are available using a mixture of thiophene-3-carbaldehyde and o-aminothiophenol refluxed in ethanol (Esashika et al., 2009) or a mixture of 3-bromothiophene, magnesium turnings and 2-chlorobenzothiazole (Radhakrishnan et al., 2003) . 2-Substituted benzothiazoles have been synthesized through condensation of bis(2-aminophenyl) disulfides with arylaldehydes catalyzed by NaSH under microwave irradiation (Liu et al., 2017) . X-ray single-crystal structure determinations of two (1,3-benzothiazol-2-yl)thiophene derivatives synthesized from phenyl isothiocyanate (Fun et al., 2012) and benzothiazole (Cheng et al., 2016) have been reported, as well as of 4-(1,3-benzothiazol-2-yl)thiophene-2-sulfonamide complexed with cyclin-dependent kinase 5 (Malmströ m et al., 2012). However, 3-(benzothiazol-2-yl)thiophene itself has not been studied by crystallographic methods. In this study, we present a solvent-free microwaveassisted synthesis of 3-(benzothiazol-2-yl)thiophene, starting from thiophene-3-carbaldehyde and o-aminothiophenol, together with its crystal structure determination. The reaction was performed in a short time, without solvent and catalyst, leading to a simple purification protocol and a high yield (87%).
Structural commentary
The title compound crystallizes in the monoclinic space group P2 1 /c with four molecules in the unit cell. The structure exhibits whole-molecule disorder by a rotation of approximately 180
around an axis running close to the S and N atoms of the benzothiazole ring, resulting in two orientations (A and B) of about the same shape (Fig. 1 ). In addition, orientations A and B both have similar occupancies of 0.4884 (10) and 0.5116 (10), respectively. All the heterocyclic rings are almost planar, with r.m.s. deviations of 0.017 (thiophene ring S1-C5), 0.004 (thiophene ring S15-C19), 0.010 (benzothiazole ring C6-N14) and 0.021 Å (benzothiazole ring C20-N28). For orientation A, the angle between the best planes through the thiophene and benzothiazole rings is 10.02 (18) . In orientation B, this angle is 12. 54 (19) . The relatively planar structure of the compound results in intramolecular SÁ Á ÁH contact distances shorter than the sum of the van der Waals radii of S and H (S7Á Á ÁH2 = 2.849 Å and S21Á Á ÁH16 = 2.824 Å ).
Supramolecular features
The crystal packing of the title compound shows a herringbone motif (Fig. 2) . This motif is built up by slippedstacking between the aromatic rings and C-HÁ Á Á interactions. The shortest centroid-centroid distances (CgÁ Á ÁCg) Figure 2 Crystal packing of the title compound shown in projection down the c axis. Orientation A of the disordered compound (occupancy factor 0.488) is shown in orange. Table 1 Selected -interactions.
Cg1 is the centroid of the S15/C16-C19 plane, Cg2 that of the C20/S21/C22/ C27/N28 plane, Cg3 that of the C22-C27 plane, Cg4 that of the S1/C2-C5 plane, Cg5 that of the C6/S7/C8/C13/N14 plane and Cg6 that of the C8-C13 plane. Notes: CgI(J) = plane number I(J); Cg-Cg = distance between ring centroids; CgI_Perp = perpendicular distance of CgI on ring J; CgJ_Perp = perpendicular distance of CgJ on ring I. Symmetry codes:
Table 2 Hydrogen-bond geometry (Å , ).
Cg1 is the centroid of the S15/C16-C19 plane, Cg3 that of the C22-C27 plane, Cg4 that of the S1/C2-C5 plane and Cg6 that of the C8-C13 plane. 
Figure 1
View of the asymmetric unit of the title compound, showing the atomlabelling scheme. Displacement ellipsoids are drawn at the 50% probability level. H atoms are shown as small circles of arbitrary radii. Orientation A of the disordered compound (occupancy factor 0.488) is shown in orange.
observed in the -stacking for orientation B are shown in Fig. 3 and are listed in Table 1 for both orientations. The stacking molecules interact further with neighbouring molecules through C-HÁ Á Á interactions ( Fig. 3 and Table 2 ). In addition, infinite chains running in the [201] direction are formed through C-HÁ Á ÁN and C-HÁ Á ÁS interactions ( Fig. 4 and Table 2 ). The crystal packing contains no voids. Wholemolecule disorder is usually caused by a packing which is determined by van der Waals interactions only or by a lack of directional interactions in the packing. However, the crystal packing of the title compound shows several directional interactions, and hence the whole-molecule disorder is the consequence of the very similar interations with neighbouring molecules for the two orientations.
Additional insight into the intermolecular interactions was obtained from an analysis of the Hirshfield surface and twodimensional fingerprint plots using CrystalExplorer (McKinnon et al., 2007; Spackman & Jayatilaka, 2009) . Fig. 5 illustrates the Hirshfeld surfaces mapped over d norm for both orientations. The bright-red spots near atoms H9 and N14 for orientation A and near atoms H26 and S15 for orientation B are indicative for the hydrogen bonds given in Table 2 
Figure 3
Slipped -stacking between the aromatic rings and C-HÁ Á Á interactions for orientation B. [Symmetry codes: orientation A, the red spots near atoms S1 and C12 refer to short CÁ Á ÁS/SÁ Á ÁC contacts and in the case of S1 also SÁ Á ÁS contacts. The red spots for orientation B near atoms N28 and H16 characterize short NÁ Á ÁH/HÁ Á ÁN contacts, and near atoms H19 and C24 indicate short HÁ Á ÁC/CÁ Á ÁH contacts. The relative distributions from the different interatomic contacts to the Hirshfeld surfaces are summarized in Table 3 . The largest contributions are contacts in which H atoms are involved. The largest differences between both orientations are observed for HÁ Á ÁS/SÁ Á ÁH (9.5%), HÁ Á ÁH (5.7%), SÁ Á ÁS (3.3%) and CÁ Á ÁS/ SÁ Á ÁC (3.1%) contacts, and are caused by the presence of the C26-H26Á Á ÁS15
ii hydrogen bond in orientation B.
Database survey
A search of the Cambridge Structral Database (CSD, Version 3.38, last update May 2017; Groom et al., 2016) for 3-(benzothiazol-2-yl)thiophene derivatives gives two hits: 2-anilino-4-(1,3-benzothiazol-2-yl)-5-(4-chlorobenzoyl)thiophene-3-carbonitrile (refcode LEGHOW; Fun et al., 2012 ) and 3-(1,3-benzothiazol-2-yl)-N-(quinolin-8-yl)thiophene-2-carboxamide (refcode UVUGOJ; Cheng et al., 2016) . The substitution of the thiophene ring in these two compounds has an influence on the angle between the best planes through the thiophene and benzothiazole rings. In the monosubstituted derivative UVUGOJ, an intramolecular N-HÁ Á ÁS hydrogen bond lowers the angle to 5.95 . For the trisubstituted derivative LEGHOW, the angle increases to 46.77 .
Synthesis and crystallization
The reaction scheme to synthesize the title compound is given in Fig. 6 . The reaction mechanism is similar to that described by Mukhopadhyay & Datta (2007) for the synthesis of 2-arylbenzothiazoles. A reaction mixture of thiophene-3-carbaldehyde (2 mmol) and o-aminothiophenol (2 mmol) was heated for 4 min in a domestic microwave (Sanyo EM-S1065, 800 W) at medium power level (400 W). The progress of the reaction was monitored with thin-layer chromatography (TLC) every minute. The mixture was cooled to room temperature and then dissolved in an n-hexane-ethyl acetate mixture (5:1 v/v) to obtain a solid product, which was further crystallized in the same solvent to give 0.38 g (yield 87%) of the title product as pale-yellow crystals (m.p. 386 K). IR (Nicolet Impact 410 FT-IR, KBr, cm À1 ): 3067 ( CH ), 1581 ( C C ), 1634 ( C N ).
1 Figure 6 Reaction scheme for the title compound. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 4 . The molecule is disordered over two positions (A and B) by a rotation of approximately 180 . The final occupancy factors are 0.4884 (10) for molecule A and 0.5116 (10) for molecule B. Enhanced rigid-body restraints (RIGU) were applied for all atoms. The H atoms were placed in idealized positions and refined in riding mode, with U iso (H) values assigned as 1.2U eq of the parent atoms, with a C-H distance of 0.95 Å . In the final cycles of refinement, 17 outliers were omitted.
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3-(Benzothiazol-2-yl)thiophene
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Geometric parameters (Å, º) S1a-C2 1.667 (6) S15b-C16 1.707 (5) C2a-H2 0.9500 C16b-H16 0.9500 C2a-C3
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
1.375 (6) C16b-C17 1.380 (6) C3a-C4
1.449 (6) C17b-C18 1.468 (6) C4a-H4 0.9500 C18b-H18 0.9500 S1a-C5 1.674 (5) S15b-C19 1.697 (5) C4a-C5
1.442 (7) C18b-C19 1.357 (7) C5a-H5 0.9500 C19b-H19 0.9500 C3a-C6
1.442 (6) C17b-C20 1.444 (6) C6a-S7
1.763 (4) C20b-S21 1.764 (4)
